The STAR contribution to ELT/METIS by Absil, Olivier
THE STAR CONTRIBUTION  
TO ELT/METIS
Olivier Absil














THE METIS CONSORTIUM: 9 PARTNERS
INSTRUMENT BASELINE
๏ Imaging at 3 – 19 μm. The imager (FoV ~ 10’’) includes: 
• low resolution slit spectroscopy  
• coronagraphy for high contrast imaging 
๏ High resolution (R ~ 100,000) integral field spectroscopy 
at 3 – 5 μm, over a FoV < 1’’ 
• incl. a mode with extended Δλinstant ~ 300 nm 
• can also be combined with coronagraphy  
๏ All observing modes work at the diffraction limit of the 












































A SHOT AT EARTH-LIKE PLANETS
CHARACTERIZING RADIAL VELOCITY PLANETS
2D MAPS OF EXOPLANET ATMOSPHERES
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1.2.2 Long period gaseous planets 
While the exoplanets discussed in the previous section are all tidally locked to their host stars, making 
the rotational period of these objects identical to their orbital periods, METIS will also contribute 
significantly to our understanding of longer period (gas giant) planets. One decade ago, astronomers 
believed that it would take a space interferometer of several kilometers in size to resolve structures on 
exoplanets – beyond the dreams of even the biggest optimists. However, recent work with CRIRES at 
the VLT indicated that Doppler-imaging, a technique regularly used to map stars and now also a 
brown dwarf, can be applied with METIS to make 2D images of exoplanet atmospheres (see Fig. 5; 
Crossfield et al. 2014, Nature 505, 654C; Crossfield 2014, A&A 566, 130C).  
In addition to mapping the 2D structure of exoplanet atmospheres, high-dispersion spectroscopy 
showed that another new observable has emerged helping to constrain planet evolution – planetary 
spin. Observations with CRIRES show that the exoplanet β Pictoris b spins with an equatorial velocity 
of almost 100.000 km per hour, implying an 8 hour day on this world (Snellen et al. 2014, Nature 509, 
63S). Interestingly, the fact that β Pictoris b spins so fast is well in line with the trend of spin rotation 
with planet mass seen for the solar system planets (Fig. 5), and is likely a relic of the planet formation 
process during which mass and angular momentum are accreted. METIS will determine the rotation 
of dozens of exoplanets for a range of masses – an exciting new science case.  
Another aspect of high-resolution spectroscopy is that a planet signal can be monitored along a large 
part of its orbit, thus tracing also seasonal as well as rotational changes in molecular signals (from the 
morning-side to the evening-side of the planet, revealing possible photochemical processes or 
variations in the atmospheric temperature structure).  
 
  
Fig. 5: Left: Illustration of the Doppler Imaging technique with VLT/CRIRS showing a 2d map of the nearby 
brown dwarf Luhman 16 B (from Crossfield et al. 2014, Nature 505, 654C). Right: Comparing the spin velocity 
of the exoplanet β Pictoris b, as measured from high-dispersion spectroscopy, with the spin of the Solar System 
planets (from Snellen et al. 2014, Nature 509, 63S). 
 
 
Finally, as mentioned above, METIS will be able to directly detect dozens of cool and warm gas giant 
planets around nearby stars. Spectroscopic observations in the L and M band of these objects with a 
spectral resolution of up to a few thousand, as provided by METIS, will allow us to constrain their 
atmospheric composition and cloud properties (e.g., Lee, Heng & Irwin 2013, ApJ 778, 97L) and to 
search for chemical dis-equilibrium (Fig. 6; e.g., Fortney et al. 2008, ApJ 683, 1104F). In particular 
the L band has proven to be a key wavelength range in the investigation of gas giant planet 
From brown dwarf atmospheres… to atmospheres of giant planets!
Crossfield et al. 2014 (Nature) Snellen et al. 2014 (Nature)





























METIS ON THE ELT NASMYTH PLATFORM
METIS TIMELINE
> 60 M€ budget 
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๏ STAR contribution (~250 man-month in 2015-2024) 
• HCI system lead 
• Performance simulations 
• Coronagraph design, manufacturing & testing 
• Participation to Assembly, Integration and Tests 
• Development of HCI-specific software 
๏ Discussing entry in METIS consortium 
• Interest from both METIS and ULiège management 
• Would give GTO access to STAR scientists 
๏ Recurrent problem in funding ground-based projects in FWB
PSILAB PERSPECTIVES
๏ Image processing with machine learning 
• Reformulate planet detection in supervised learning framework 
• Merge HCI and HR spectroscopy in common ML framework 
• Reprocess archival databases 
• Search for first rocky planet with Breakthrough Watch 
๏ Advanced wavefront control 
• Use deep neural networks for focal plane wavefront sensing 
• Learn atmospheric parameters to feed AO predictive control 
๏ Make the most of METIS
